Hemagglutination inhibition (HI) test employing whole virus antigen is a prescribed serological test for serotyping, diagnosis and surveillance for avian paramyxoviruses (APMVs). For use as alternative to the virus antigen, hemagglutininneuraminidase (HN) protein gene of the wild duck isolate APMV-6/WB12-163FS of APMV serotype 6 (APMV-6) was amplified, cloned and expressed in Spodoptera frugiperda insect cells. The HN gene of 1,842 bps in length showed nucleotide and amino acid homology of 93.4% and 97.1%, respectively with that of APMV-6 prototype strain. Putative sialic acid binding motif and potential N-linked glycosylation sites were conserved. In Western blot analysis, the expressed protein had a molecular mass of 66 kDa and reacted specifically with antiserum to APMV-6. In addition, the recombinant HN protein showed biological properties such as hemagglutination (HA) and elution. The recombinant HN protein produced from infected cells showed high HA titers (approximately 2 13 HA unit/ml). The HA activity of the recombinant HN protein was inhibited by antisera to APMV-6. In cross HA inhibition test, the recombinant HN protein had the highest titers with antisera to homologous APMV serotype, although there was weak cross reaction with some of antisera to other APMV serotypes. Our results indicated that recombinant APMV-6 HN protein would have the potential as alternative to the APMV-6 antigen in HI assays.
INTRODUCTION
.
Among the viral proteins of APMV, HN glycoprotein on the surface of the virion mediates attachment to cellular receptors and release from infected cells via its neuraminidase (NA) activity (10) . The HN has also activity of hemagglutination (HA) with chicken red blood cells, allowing to HA and HA inhibition (HI) tests.
The HI test is commonly used as a prescribed method for serotyping of unidentified APMV isolates as well as diagnostic purpose and serological surveillance for APMVs in poultry and wild birds (7) . The antigen for HI test for APMVs employs whole virus which is grown in embryonated chicken eggs (ECEs) and then inactivated by chemicals.
Currently, recombinant HN proteins produced in insect cells by recombinant baculovirus have been successfully applied as alternative to whole virus antigen for HI test in several paramyxoviruses (11~13). APMV-6 is one of APMV serotypes which frequently isolated from migratory birds in Korea. In this study, we expressed recombinant HN protein from APMV-6 using baculovirus expression systems. The expressed HN protein was examined for biological and antigenic properties for assessment of the potential as alternative to diagnostic antigen for HI test.
MATERIALS AND METHODS

Virus and sera
APMV-6 isolate APMV-6/WB12-163FS (abbreviated 163FS) was used in this study. The 163FS virus was isolated from wild duck (species unidentified) during national avian influenza surveillance in 2005 in Korea and confirmed as APMV-6 by cross HI test. The 163FS virus was propagated in SPF ECEs as previously described (1) and stored at -70℃ until use.
Reference APMV antigens and chicken antiserum (to APMV-1,-2,-3,-4,-6,-7,-8, and -9) were purchased from National Veterinary Service Laboratories (NVSL, Ames, IA, USA). Serum from APMV antibody negative SPF chicken was used as negative control. 
Cloning of HN protein gene
Expression of APMV-6 HN protein
The recombinant HN protein of APMV-6 (rAPMV-6 HN) was prepared from Sf9 cells infected with rBac/APMV6HN virus as described previously (13 were aliquot and kept at -70℃, prior to its use in the study.
SDS-PAGE and Western blot analysis
SDS-PAGE and Western blot analysis was performed as previously described (13) . Briefly, recombinant protein sample was separated through NuPAGE ® Novex Bis-Tris Gels. The gels were then either stained with Coomassie blue or transferred onto nitrocellulose membranes using the Xcell 
Biological activity
Biological activity of the rAPMV-6 HN including HAelution, neuraminidase (NA) activity and HA thermostability were conducted. Wild type APMV-6 isolate 163FS
was used as control virus. A standard HA-elution assay was performed in V-bottomed 96 well microtiter plates by standard end-point titration method using 1% (v/v) chicken red blood cells (RBC) as previously described (14, 15) . For thermo-stability, the test sample was heat treated at 56℃
for 30 min and then HA titer of the heat-treated sample was compared with that of untreated sample. NA activity assay was examined by a standard NA assay using fetuin substrate (16) and the absorbance was measured at a wavelength of 550 nm.
Immunization of chickens
Immunization antigens including rAPMV-6 HN and wild type APMV-6 (163FS isolate) at the concentration of 2 
Hemagglunination inhibition (HI) test
The HI test was performed on sera in V-bottomed microtiter plates by use of four HA units of antigen and 1% (v/v) chicken RBC, according to the OIE Manual of Standard Diagnostic Tests (17) . All tests were repeated in duplicate.
The HI titers were expressed as the reciprocal of the highest dilution of serum that completely inhibited HA activity. (Fig. 1 ).
Statistical analysis
Sequence analysis of the APMV-6 HN gene
The HN gene contained in the pFB/APMV6HN was /duck/Hong Kong/199/77 (Fig. 2) .
Expression of recombinant HN protein of APMV-6
A recombinant baculovirus (rBac/APMV6HN) expressing the APMV-6 HN was generated using Bac-to-Bac band on the nitrocellulose membrane (Fig. 3) . However, the protein band was not observed in mock infected cell lysates.
Biological activity of the rAPMV-6 HN protein
For the rAPMV-6 HN protein, biological activity such as HA-elution, NA activity and HA thermostabilty was examined and compared to those of wild type APMV-6 (isolate 163FS). The rAPMV-6 HN used in the study had HA titers of 256 before heat treatment. However, the HA activity was almost lost after 30 min incubation at 56℃.
Meanwhile wild type APMV-6 maintained still its HA activity after heat treatment (Table 1) . Both rAPMV-6 HN and wild type APMV-6 maintained HA activity after additional 24 h incubation at 4℃ following HA test (Table 1) . The rAPMV-6 HN showed NA activity and the NA activity was comparable to wild type APMV-6 (Fig. 4) . Two controls (fluid samples from SPF ECEs and mock-infected Sf9 cells) did not have any NA activity.
Antigenic specificity of the rAPMV-6 HN protein
Whether the HA activity of rAPMV-6 HN shows antigenic specificity for APMV-6 antiserum was investigated. Cross and APMV-2 have been successfully produced using a baculovirus expression system and showed APMV serotypespecific HA activity as alternative to APMV antigen in HI test (13, 16) . Importantly, some isolates of several APMVs were reported to be a potential to cause mild clinical symptom in poultry (1, 6, 7, 19) . APMV-6 isolates are also considered to be capable of causing disease in poultry since there are several reports of causing mild clinical signs such as mild respiratory signs and reduced egg production in turkey (1, 20) . APMV-6 is one of APMV serotypes which were frequently isolated from wild migratory birds in Korea and other several countries especially wild ducks and geese worldwide (9, 21, 22) . Here we attempted to express the HN protein gene of APMV-6 in insect cells using a baculovirus expression system for the use of alternative to APMV-6 antigen used in HI test. In the study, we used genomic 
